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A COMPARISON OF FLIGHT-TEST RESULTS ON A SCOUT-BOMBER 
AIRPLANE WITH 4.7'^ /J© WITH 10^ GEOMETRIC 
LUrSDRAL IN THE WINI OUTER PAIffiLS 
By Charles M. Forsytii aaid William E. Gray_, Jr. 

SUI4MASY 


-.n-i tao investigation of a scont-homher airplane with 4 . 7 ° 

' .geometric dihedral in the wing outer panels has heen con- 
ducted in. order to obtain flight-test results pertaining to the 

ving-dihedral angle for satisfactory handling 
®P°°i^i°ations, which define the upper limit of 
.. hedi>al, state that tlie rolling moment due to sideslip shall never 
he so ^^eat that^a reversal of rolling velocity due to aileron yaw 

aileron rolls and that the control -free 
lateral oscillations shall d^amp to l/2 amnlitude in 2 cycles. The 

2 fL if geometric dihedi-al for this airpl.ane appears to he 
in ^*ich the rolling velocity approaches zero 

in rudaer-fixed aileron rolls at low speeds end small aileron 

rather than hy any undesirehle control-free lateral 
r,r characteristics. Inasmuch as tlie comhination of either 

ving-dihedral configurations vrith the directional 
^ f as tested did not lead to ^uiy undesirable 

-ateial control characteristics, a IQO diherli’al angle does not 
ppear o e excessive for this aii:p)lane; however, \/ith dihedral 
vpf °° ®- ■ S^'l^ly greater than 10 °, the requirement that the rod ding 
not S Lt ' in a rudder-fixed roll would probably 

The airplane with both 4.7° and 10° geometric- dihedral 

testfr^" stick-fixed effective dihedral in all conditions 

tested. The increase. in measured effective dihedimal with the change 
theoretical oifective dihedral shovred fair agi-eement i- 7 ith wind- 

tunnel test results of a i-scale model of the airplane . 
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imODUCTION 


In order to obtain data related to the ^^pper limit of geometric 
dihedral for satisfactory handling qualities of airplanes of the 
scout-bomber type, a flight investigation has been made at the 
Langley Memorial Aeronautical Laboratory of a scotit bomber having 
10^ dihedral in the wing outer piinels . Results of tests of the same 
airplane with 4 .7° dihedral and with various tail modifications 
are presented in reference 1. Hie lateral stability characteristics 
of the airplane with 10"^ dihedral and with tail configuration 3 i?-re 
compared with those obtained with 4.7° dihedral and with tail 
configuration 3» (See reference 1.) 
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calibrated airspeed 

compressibility correction at sea level 
dynamic pressure 

impact pressure corrected for position error 
mass density of air at fli^t conditions 
mass density of ambient air at sea level 
wing area 

total aileron deflection, degrees 
sideslip angle, degrees 
acceleration in gravitational units 
rolling velocity, radians per second 
mass 

\d.ng span 

true airspeed, feet per second 
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eff 


yawing moment 
rolling moment 

yawing-moment coefficient i •— t" ) 

\qSb/ 

rolling -moment coefficient ( i 

VqS'b/ 

dihedral angle of isolated unsweot win, 


o 


wing geometric -dihedral angle ^ degrees measured at wing 
leading edge 

wing eff ective -dihedral angle, degrees 

rate of change of ro3.1inf:-momcnt coefficient with sideslin 

/d.C. 


ni\ 

angle, per radian. 


rate of change of rolling-moment coefficient with, helix 


angle, per radian 


/ih' 


air-plane relative density factor f 

\pbD/ 




The airplane tested Is a two-place, midwing, single -engine 
scout toniber. A three -view layout of the airplane is presented 
in figure 1. Pertinent details of the airplane are given In 
reference 2, The tail configuration used is described in 
reference 1. This tail coiif iguration was used for tests Trith both 
the 4 . 7 ^ and 10^ dihedral configurations. A thi'ust-axis-level 
photograph of the airplane with 10^ dihedral is shoim in f iginre 2 • 

Standard WACA photographically recording instruments synchi'onized 
by meanrj of a timer were used to measure the necessary quantities . 
Calibrated airspeed as used herein is the reading that would be 
given by a standard Ar3ny-Navy airspeed meter connected to a pitot- 
static system corrected for position error. 
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TESTS, EESTJT.TS, /I® DISCUSSION 


The data for the oonflgviration wJ.th 4.7° geometric dihedral in 
the wing outer panels were taken from reference 1 and previously 
unpublished, data . 

Comparable test results for both dihedral configurations are 
presented of data taken from steady sideslips, rudder-fixed aileron 
rolls, rudder kicks, control -free lateral oscillations, and 
rapid l 8 o° turns . 

Steady sideslip characteristics obtained with the airplane in 
the clean condition with power on at airspeeds of approximately 90 
and 190 miles per hour and in the landing condition at an airspeed 
of about 85 miles per hour are presented in figures 3 to 5 • For 
these conditions a measure of the dihedral effect for the two 
dihedral configurations can be obtained from the variation of 
aileron angle with sideslip angle. The following table gives a 
comparison of the values of d6a/dp at zero sideslip for the 

various flight conditions and the two dihedral configurations of 
the airplane : 


Flight condition 

dbg /dp 
(per deg) 

1 m 

! w 

a 

11 

• 

0 

r = 10° 

geom 

Landing condition; ^ 85 mph 

0.27 

0.83 

Power for lov^el flight; 

clean condition; ~ 90 mph 

.33 

.89 

Power for level flight; 

clean condition; ^ 190 mph 

.53 

1.03 


Time histories of rudder-fixed aileron rolls at lox.' speeds are 
shoTO in figures 6 to 8. For the s£ime airspeed end aileron deflec- 
tion the maximum value of rolling velocity was sliglatly less for the 
airplane with 10° geometric dihedral than with 4.7° geometric 
dihedral. Further, the ro3.1ing velocity deci'oased more rapidly 
for the airplane with 10° geometric dihedral than with 4.7° geometric 
dihedral as' is seen from the data presented in figm'e 6 (aileron 
deflection, approximately 2/3 ftill) . Figure 7 shows that, with a 
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small aileron deflection, the rolling velocity essentially maintained 
its peak valiae for the airplane with t .7° geometric dihedral . 

Figure 8, however, shows that, with 10° geometric dihedral, the 
rolling velocity approached zero 'but d.id not reverse in low- speed 
rolls with rudder fixed at small, aileron deflections . The Navy 
handling -qualities specification F-2 .? (reference 3); which states 
that the rolling moment d.ue to sideslip in rudder-fixed aileron 
rolls shall never he so great that a reve^rsal of rolling velocity 
occiur's due to aileron yaw, has hecn met 'tri.th hoth dihedral con- 
figurations. With a sli^^tly greater aiixount of dihedral than 10°, 
however, it is probable that this requirement would not have been 
met in low- speed rolls . 

Calcu.lations show that the large dihedral effect combined with 
the rather lot/ directional stability of the airplane for small 
sideslip angles accounts for the reduction in i-olling velocity to 
almost zero in aileron rolls at low speeds and small aileron 
deflections for the 10° geometric -dihedral conf i,guration . Unpublished 

dC^ 

wind-tunnel tests give = 0.0011 per degree for a power-on 

clean condition at a speed of 109 miles per hour. 

Tlie aileron effectiveness (variation of helix angle pb/2v with 
total aileron deflection) vras measured in rudder-fixed aileron rolls 
for the 10° dihedral conf Igiuration in powei'—on flight and the results 
are presented in figure 9* Calculations were made to correct the 
aileron-effectiveness results for the rolling moment due to sideslip. 
The correction resulted in an increase in the variation of pb/2V 
with total aileron deflection of about 14 percent for rudder-fixed 
rolls at an airspeed of 190 miles per hour and about 32 percent for 
rolls at an airspeed of 90 miles per hour. The sideslip angles are 
larger at the time of maximum rolling velocity for the low- speed 
.rudder-fixed rolls than for the higlier-speed rolls and hence the 
greater correction at low speeds. 

As obtained in steady sideslips, the effective dihecb.'’al was 
calculated from the variation of pb/2Y with aileron deflection 
corrected to zero sideslip as sho'wn in figure 9 and from the values 
of db^/dp for airspeeds of 90 and 190 mi.lec per houi'* in the clean 

condition using power for level flight. The . effective dihedrals 
were calculated from the formul.a 
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vrhere values of 


-fi. = 


= 0.7!)- per radian^ and = o.i^-7 per radian 


r - “n 


are obtained from reference 4. The results are shoim in the 
following table: 


Flight condition 

^eff 

(deg) 

CD 

g 

n 

• 

0 

i 

r = 10° 

geom 

Power for level flight; 



clean condition, = 90 mph 

2.3 

6.1 

Power for level flight; 



clean condition, t= 190 mph 

3.9 

7.6 


Values of effective dihedral from wind-tunnel tests made in the 
Langley 7" by 10-foot tunnel for various amoiints of wing geometric 
dihedral in the outer panels and. tlie previously mentioned flight 
values for the test airplane are presented in figure 10 as the 
variation of measiured effective dihedral with theoretical effective- 

dihedral angle . The scale wind-tunnel model of the airplane was 

tested with the tail removed and the effective dihedral was cal- 
culated by dividing the value of C-; obtained from the turmel 

by obtained froEi reference 4. The theoretical effective- 

dihedral angle is defined as the constant geometric-dihedral angle 
from wing root to tip that would give the same values of Ci-.. as a 

wing having the dihedral varied, along the span. The theoretical 
effective -dihedral angles were obtained from reference 4. These 
theoretical values are for an isolated wing having a plan form and 
dihedral conf igiU'ation of the test aiipilane. With 1.7° geometric 
dihedral in the inner panel and 4.7° and 10*^ in the outei’ panel, 
the theoretical effective -dihedral valiies would be 4.2° and 8.5°, 
respectively. The fli^t and wind-tijinnel values of the variation 
of measured effective dihedral with theoretical effective dihedral 
show fair agreement (fig. lO) . 


Data obtained in rudder kicks are shotm in figures 11 to 13 • 
These figures present a comparison of the rolling moment due to 
yawing in the landing condition at aboiit 100 miles per hour, In 
the glid-ing cond.ition at l40 miles per horn", and in the power for 
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level-flight condition at l40 miles per ho'ur • As expected^ 5blie 
rudder kicks with 10° geometric dihedj'al showed the largest variation 
of rolling velocity with ruddei' deflection. The pilot, however, did 
not consider the variation of rolling velocity ■\7ith rudder deflection 
to he excessive with 10° geomrstrio diheCjr’al. 

In addition to the requirement that the rolling velocity shall 
not reverse in rudder-fixed aileron rolls , a further criterion 
placing an upper limit on dihedral angle F-1.2 (reference 3) states 
that the control -free lateral oscillation shall damp to l/2 amplitude 
in 2 cycles. Consequently, the control-free lateral oscillation was 
investigated in the clean, craising power condition. In these tests 
the rudder was deflected, held, and then released. In order to 
induce a dutch-roll oscillation the tests shou.ld he conducted control 
fixed, hut in this case the rudder had no snaking tendencies and 
returned to its trim position with no oscillation of the control* 

The resu-lts for the two dihedral configurations appear in figure l4. 

No appreciable lateral oscillatory differences appear between the 
two conf igixrations * For the airplane with 10° geometric dihedral 
the number of cycles to damp to 1/2 amplitude was slightly greater 
at an altitude of 20,000 feet than at 10,000 feet because of the 
increase in the airplane relative- density factor p. with altitude. 

For the airplane with k*7° geometric dihedral the number of cycles 
for the oscillations to damp to 1/2 amplitude was slightly less than 
with 10° dihedral. 

Eapid l80° turns were made to deterrcine whether the pilot 
would experience difficulty in coordinating the controls to avoid 
any oscillatory motion because of the 10° geometric dihedral. As 
seen from the time histories of figures 15 and l6,no such difficulty 
was evidenced . 

Rough-air tests were made for both configurations . No appreciable 
difference in the handling qualities was observed upon examination 
of the records, and the pilot declared the ciirplane satisfactory for 
rough -air flying w^ith 10° dihedral. 


CONCLUSIOl© 


Fli^t tests of a scout-bomber airplane with k.7° and 10° geo- 
metric dihedral in the wing outer panel led to the following con- 
clusions concerning the effect of ttie two geometric -dihedral angles 
on the handling qualities of the airplane: 
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1. No -unusual or mdeGirallG lateral control cliai'ac tori sties, 
•were otser-yed -^Tith the comhinations of directional- and lateral- 
stahility parameters obtained with the two dihedral angles used. 

It is concluded that use of as much as 10° geometric dihedral in 
•the wing outer panel did not lead to unsatisfactory lateral control 
characteristics of the airplane. 

2 . The only limitation experienced by the airplane -vrl-bh 
10° dihedral was in rudder-fixed aileron rolls at low speeds and 
small aileron deflections when the rolling velocity approached zero. 
Inasmuch as the specification that the rolling velocity shall not 
reverse in rudder-fixed aileron rolls was xaet, the large dihedral 
effect would be acceptable. However, a slight increase in geometric 
dihedral above the 10° used in the test mif^t cause a reversal of 
rolling velocity in rudder -fixed aileron rolls. 

3- The control-free lateral oscillatory characteristics of the 
airplane with 10*° geometric dihedral were not a factor in placing 
an upper limit on the wing dihedral for the airplane as tested even 
with its rather low directional stability at small sideslip angles . 

ll-. Wi-th both dihedral configurations, the airplane, possessed 
positive s-tick-f ixed effective dihedral in all conditions tested. 

5 . The increase in measured effective d-ihedral with the change 
in theoretical effective dihedral agreed fairlj"- well with wind- 
tunnel results . 


Langley Memorial Aeronautical Laboratory 

National Advisory Cojnmlttee for Aeronautics 
Langley Field, Va., J\me 26, 1947 
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/Airplane weighty W , Ib'-€I70 

Wmg area , S , sq ft 2.58 

Wing taper mtio^ A O.Gf>7 

Wing aspect rat/Oj A J.f 



Figure 1.- Three -view drawing of scout -bomber airplane with 4.7*^ and 10° geometric dihedral 

in wing outer panels. 
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Figure 2.- Front view of test airplane with 10° geometric dihedral in wing 

outer panels. 




NACA TN No. 1407 Fig. 




NACA TN No. 1407 


Fig. 3a 



V ~ 85 miles per hour, 
c 


Fig. 3b 
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Figure 3.- Concluded. 
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Fig. 4a 



Figure 4.- Steady sideslip characteristics of scout-bomber airplane. 

Clean condition (flaps and landing gear up) ; power for level flight; 

V « 90 miles per hour, 
c 



Fig. 4b 
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Figure 4.- Concluded. 
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Fig. 5a 
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Figure 5.- Steady sideslip characteristics of scout -bomber airplane. 
Clean condition (flaps and landing gear up) ; power for level flight; 
V X 190 miles per hour. 


Fig. 5b 
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(b) r = 10°. 
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Figure 5. - Concluded. 
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W ‘•geom = 4.7°. (b) r = 10°. 

Figure 6.- Time histories of scout bomber in rudder-fixed left rolls 
with approximately 2/3 full aileron deflection and power for level 
flight in clean condition. 
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Figure 7.- Time histories of scout bomber in rudder -fixed aileron 
rolls with aileron partly deflected and power for level flight in 
clean condition, r = 4.7®. 
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Fig. 8 
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Figure 8.- Time histories of scout bomber in rudder-fixed aileron 
rolls with aileron partly deflected and power for level flight in 
clean condition, r = 10° • 
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Fig. 9 
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Figure 9.- Variation of helix angle pb/2V with total aileron deflection 
for scout bomber. Flaps and landing gear up; power for level flight; 
flight data for airplane with = 10° corrected for dCj/dp. 
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Figure 10.- Comparison of full-scale flight values and —-scale (tail removed) wind-tunnel 

5 

values of effective dihedral angle plotted against theoretical effective dihedral angle for 
scout bomber tested. (Theoretical effective dihedral angle is defined as constant geometric 
dihedral angle from wing root to tip that would give the same value of Cj as a wing 
having dihedral varied along span. ) ^ 
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Figure 11.- Characteristics observed of scout bomber in landing 
condition with abrupt rudder kicks (flaps and landing gear 
down, power off) at an airspeed of 100 miles per hour. 

'■geom = 
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Fig. 12 



Figure 12.- Characteristics observed of scout bomber in gliding 
condition with abrupt rudder kicks (flaps and landing gear up, 
power off) at an airspeed of 140 miles per hour. 

''geom = 


Fig. 13 
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Figure 13.- Characteristics observed of scout bomber in level flight 
with abrupt rudder kicks at an airspeed of 140 miles per hour. 

= 4.7° or lOO. 

geom 



Cal/dratect airspeed , mph 
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Figure 14.- Variation of period and damping of lateral oscillation 
with calibrated airspeed (cruising power; clean condition) for 
scout bomber with = 4.7° and 10°. 
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Fig. 15 


NACA TN No. 1407 



Figure 15.- Time history of scout bomber in an abrupt 180° turn at 

airspeed of 174 miles per hour, r =4.7°. 
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Fig. 16 



Figure 16.- Time history of scout bomber in an abrupt 180° turn at an 

airspeed of 174 miles per hour, r = 10 . 

geom 





